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EigCTRKTS FORMED FROM POLYETHYLEME TEREPHTHALA.TE FILMS 


Be. L. H. Baxt end Dr. L. D. Crandlne of the Philip Morris 
Research Center disclosed to mt in July 1962, the results of 
their reseereh an the use of polyethylene terephthelete filns 
to prepare electrets. 

The tern M electret n was coined by Oliver Heaviside to denote 
a permanently electrified substance exhibiting electrical charges 
of opposite sign on opposite feces. The electrification Is 
through the volume of the substance in contrast to surface alee* 
trlficatlon and hence is e volume effect. 

The first nan to prepare an electret was Eguchl * who 
netted equal parts of canaauba wax and resin, with the addition 
of sone be e sw ax, and permitted the substance to solidify In a 
strong electric field. Since then, aany papers have been pub* 

11sbed on the subject end e few patents have been obtained on 
methods of preparing electrets from specific substances (for 
example, Padgett, U. S. 2,986,524; Cement, British 435,950, 
438,672; German 518,087; Hicol, 0. S. 2,612,966; Minto, 0. S. 
3,028,864.) 


In general the substances which have been deemed capable 
of permanent electrification are those which remain insulators 
when heated, and which have moderate or high dielectric absorp¬ 
tion. Those materials ore polar dielectrics as opposed - c 

Hi. Eguchl, H 0n the Permanent Electret," Phil. Mag. 49, 178 (1925). 
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tvon-poler or slightly polar. Nearly all worker* thus far have 
used wnu, resins, or polymers. 

Ora. Baxt and O'-^dlno hava nor diaeovmd that films of 
the polymer polyethylene terephthalate can be made Into alaetrata 
by methods of electrification Kocwhat similar to those used by 
Kguchi and others but that the electrets thus formed hava unique 
properties, proper ties not possessed or net poss es s e d to the 
sane degree by other known electrets. 

Charges on electrets are measured In coulombs/square cen¬ 
timeter. The charges reported for electrets of the maxes and 
resins (for example, esmaube vex and beeswax, nylon, polynatfayl 
methacrylate, polytetrafluoroethylane electrets J and for sene 
common ceramics end the like are at moat 4 or S x 10*^. In the 
polyethylene terephthalate electrets of title Invention, charges 
more than triple that order (16x10**^) have been measured. 

According to present day theory, electrets acquire two sets 
of opposing electric charges. One of these charges is to u pee a r y 
end Is celled the heterocharge. The other charge, known as the 
homocharge is relatively permanent. Therefore, in normal alec tret 
behavior (aa the behavior of electrets of earnauba wax) the charge 
wh i c h decays la the beterocharge; the more permanent charge is 
the hoaocharga. On the basis of our results tints far, the opposite 
seems to be true of the electrets of polyethylene terephthalate; 
the homocharge decays and tha beterocharge apparently is the mors 
permanent charge. 

G 
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Another phenomenon observed with electrets of polyethylene 
terephthalate has to do with the measurement of its drop-off of 
charging current. The drop-off with other electrets has followed 
a pattern of a continuous current decrease. Sometimes the poly¬ 
ethylene terephthalate electret exhibits a sharp rise in charg¬ 
ing current and a subsequent slow decrease. 

For example, when an electret-forming material (e.g., carnauba 
wax, acrylics, etc.) is placed between two electrodes and a strong 
electric field is applied (approximately 8-11 kilovolts per cen¬ 
timeter), normally a forming current pattern like this has been 
reported: 



c 
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With the electrification of polyethylene terephthalate, 
at field strengths of 120-200 kilovolts per centimeter, ths 
forming pattern differs in this way: 



T - time 

Figure 2 


In conventional methods of preparing electrets, a molten 
dielectric is allowed to solidify between two electrodes across 
which a high potential is applied. It is not essential that the 
material be melted. It can be heated and then cooled under an 
electric field. 

The heterocharge in a freshly made electret exceeds the 
homocharge; charge measurements give the difference between these 
two. The heterocharge or normally temporary charge is positive 
on the side of the electret which was in contact with the negative 
electrode and negative on the side which was in contact with the 
positive electrode: hence the name "heterocharge," which means 
"different charge;" that is, different from the charge of the 
forming electrode. 
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The homoeharge is positive on tha aide of the electret 
which was la contact with tha positive electrode during Manu¬ 
facture and negative on tha side which was next to tha negative 
electrode: hence the none, "homoeharge” Which naans "sane charge.” 
Tha honochnrga ia thought to be caused by sprays of electrical 
charges which leave the forming electrodes and enter the elec tret 
material because of the high potential which is present. All of 
these forms of polar ireti on are "frozen in" when the electret 
materiel hardens. 

Ore. Baxt end Grandise have now discovered that, by the 
use of extremely high fields applied to polyethylene terepfathelete 
film, an electret can be formed which does not have a reversal 
of chargee. The ordinary elec tret cannot be put into use until 
after the charge reversal bee taken place. The polyethylene 
tereph the late elec tret of this invention can be put into use 
imm e diat ely, since the elec tret does not go through e point of 
saro met charge. Instead of following normal behavior, the 
initial heterocherge of the polyethylene terephthelete electret 
continues to Increase and ahowe no charge reversal over extended 
storage periods. Diagrams of normal elec tret behavior and the 
behavior of the polyethylene tereph the late elec tret ere shown 
below: 
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Nonnal Electret Behavior 
Figure 3 



Time 

Behavior of Electret of Polyethylene Terephthalate 

Figure 4 
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A1 though polymer electrats have been forwd previously, 
they hm had a life of only a few raontha. This polymer elec tret 
(polyethylene terephthalate) has a rate of decay that makes it 
affective almost indefinitely. 

lbs method of farming the elec tret of this invention differs 
from the early methods in that the elec tret material is treated 
at a temperature 30 to 40* below Its melting point instead of 
being charged while in a molten state. Heretofore voltage# on 
tha order of 8 - 11 kilovolts per centimeter mere need in forming 
electrots. For this invention voltages of 120-200 kilovolts per 
centimeter were used. 

The Inventors have elso discovered s method of stacking the 
electret-forming material so that a nu mber of disks can be formed 
at one time. When a package of four disks is placed in the forming 
field for long periods (3-7 days), the disk adjacent to the 
positive electrode has a much lower charge than the other three 
disks. The three disks have charges on the order of 10 to 14 x 10"^ 
coulombs/sq. cm. For shorter times of electrification (2-30 
hours), the charge la practically equal for all the disks in the 
package. 

The polyethylene tereph tha lata elec trot, because of its (Cj 
unique properties, has utility beyond that of electrets now known. 

It can be used in any device where a permanent electrostatic 
charge la required and it can be put to use issmdiately upon 
production without the delay necessary witfi other electrets. It 
can be used in electrostatic filters, dosimeters, microphones, 
electrometers, vibration maters, and similar devices. It it par¬ 
ticularly applicable where such devices of low weight ere needed 
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(foc example. In space research). 

The Invention of Dre. Baxt end Grandlne can be Illustrated 
by the following examples: 

Example 1 

A polyethylene ter eph the late disk four inches in diameter 
and 10 mils thick vas placed between aluminum foil disks and the 
combination was placed between heavy stainless steel disks. The 
stainless steel was to serve as electrodes for the conduction of 
high voltage current. This assembly was placed in an oven equipped 
with temperature controls, with a fan for equalisation of internal 
temperature, and with a high voltage direct current p ow er supply. 
The oven during the elec tret formation was operated under atmos¬ 
pheric pressure and at a temperature of 150"C. The faces of the 
dielectric disk ware shorted during beating, before application 
of field, to remove any residual charges present. 

The bottom aluminum electrode wee connected to the negative 
voltage output of the power supply and the top electrode was con¬ 
nected through an electrometer to ground. When the sample tempera¬ 
ture reached 150 °C., that temperature wee maintained for one hour. 
Then the voltage was applied (a field strength of 197 KV/cm) and 
the current waa measured periodically during the forming period 
of 20 hours. The measurements of current given below show a sharp 
rise and a subsequent gradual decrease in the forming current, 
which seems to be unique in the field of dielectrics. Ordinarily, 
only decreases are observed. 

c 
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IABLS I 

Temperature was held constant at ISO* ±0.5 


Tins 

Charging Tine 
(Minutes) 

Current 

(ue) 

1:27 

0 

0 

1:42 

15 

4.8 

1:44 

17 

5.0 

2:05 

78 

5.7 

2:40 

113 

5.1 

3:12 

185 

4.8 

3:33 

204 

4.7 

4:05 

266 

4.5 

4:40 

313 

4.4 

8:35 

1148 

1.3 

9:28 

1201 

1.3 


At the end of the 20-hoar charging period, the heater in 
the oven was disconnected, the door opened, and the disk was 
allowed to cool while still in the eleetric field. The electric 
field was renewed end the disk was resowed fros the owes, end 
the surface charge on the disk was sutured by placing it in e 
disaectihle capacitor; i.e., with one storable electrode. The 
electrode was placed la contest with the elec tret, the aysten was 
grounded to rnssws any charge, and the electrode was sowed away 
frost the elec tret to a predetermined distance. The resulting 
induced charge on this electrode was measured by the use of an (i 
appropriate capacitor oad electr om e t e r . The voltage reading of 
the electrometer was then converted to charge density by the 
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of the fonula given below: 

Q - CV 

T 

where Q la charge density 

C la cepeclteoca of the capacitor used 
A la area of the movable electrode 
V la voltage read on the electrometer 

For title particular elec tret the voltage reading for the 
top of the dish was +3.35 volts. For the bottom, the reading 
was -2.36 volte. The area of the movable electrode wee 12.56 ear. 

eali 

The capacitance of the capacitor was .01x10 . 

Top - Q - (.O^ l g’ 6 ) 3.35 - -2.7xl0' 9 coulombs/ca 2 

gotten - Q - (.OlxUT 6 ) 2.36 - +1.9xl0~ 9 coulombs/c* 2 

This calculation show# that the freebly-nede elec tret bad 
a beterocbarge in excess. Ik elec tret was kept shorted and 
desiccated in storage. The data given below show that over 
about a three noath storage period, the beterocbarge la excess 
of the polyethylene terephthe late elec tret increased, a phenomenon 
heretofore not exhibited by known electrets. 
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Elapeed T 

(hours) 


d Tim 


2163 

9818 


Positive Electrode 
Beterocherge 
_ T JSP_ 

-2.7 

- 2.8 

-2.9 

-5.1 

-3.9 

- 6.0 

-5.4 

-7.0 

-8.4 

- 8.0 


Negative Electrode 


+1.9 

+3.8 

+3.6 

+3.2 

44.0 

45.5 

44.0 

+3.9 

48.7 

+7.9 


Electorate bava b e an uaad la ma ny applications - aa elsctro- 
atatle filters, microphones, electrometers, ate. Parhspe ana of 
the baat applications la In a dosimeter. Thla application was 


carried oat in the 


described below. 


A polyethylene teraphthalate aleetret similar to the ana 
described above was subjected to a polonium source (a radiation) 
of 0.5 nillicurle strength. First, the alectret was placed for 
slightly carer ana hour In intimate contact with the aurfaea of 
the source and Its charge measured. Then the electret was ^ 

separated from the radiation source by suspending the source 
three millimeters above Its surface. A non-lrrad i a t ed control 


electret was measured for charge each time the teat alactret was 
measured. The attached graph and Table III show the data obtained 


from this experiment. 


Source: https://www.industrydocuments.ucsf.edu/docs/tfhjOOOO 


2022242369 



- 12 - 


TABLE III 

Time 

Truttd 
Kin, 

0 

110 
3950 


+*.31 -10.17 +10.17 
44.57 -10.30 +10.40 
+3.54 -10.17 +10.17 




i 

i 



Ai shows shows, the polyethylene teraphthe late electret 
can be used as a doataster, a staple device for detecting radia¬ 
tion. It illustrates well the sensitivity of electreta toward 
radiation. These elec tret dostaaters have an advantage ever 
other dostaaters now in use in that they eliminate the necessity 
for elaborate encasing materials such as east be used with other 
types of dosimeters. For example, dostaaters In which photographic 
film is used most have light-proof casings • Tbs elec tret dosimeter 
requires no encasement. 

Also the discharge of the electret can be readily detected 
simply by passing it into a dlssectibla capacitor. With the photo¬ 
graphic-type dosimeter, time is required for the film to be 
developed. 
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igettls 1 

A polyethylene terephthalate disk four inches In itirnr 
and 10 alls thick ass shorted sad grounded than traatad as des¬ 
cribed in War — fi le 1. Voltage vee applied (a field stren gth of 
197 KV/ca) sad the currant was aeaaured periodically during the 
farming period of 90 hours. After removal from the oven the 
ueasureaents of charge at different times were as follove: 


Surface Charge Density 

(Hours) 10‘ 9 coul/cn^ 



I2£ 

Bottom 

0 

-8.0 

+ 8.0 

1 

-7.8 

+ 8.1 

26 

-7.9 

+ 7.2 

120 

•8.0 

+ 8.4 

240 

-9.1 

+ 8.0 

312 

-9.6 

+ 8.8 

984 

-11.5 

+10.8 

2700 

-11.5 

+ 9.0 

3600 

-11.5 

+10.4 


This electret, charged for e long* 

€ 

nr period of time titan 

the os 

is described in Example 1, had e su 

:h higher initial charge 


sad increased only slightly in charge over e period of nearly 6000 
hours. This example, combined with the elec tret of bagls l, 
illustrates the importance of proper selection of charging tlma 
end voltage upon the constancy of charge of tha alee tret. This 


Source: https://www.industrydocuments.ucsf.edu/docs/tfhjOOOO 




-14- 


is readily observed in the figure below: 


Charge 

Coul/cm 



Time (hours) 
Figure 5 


Example 3 

Four polyethylene terephthalate disks four inches in 
diameter and 10 mils thick were shorted individually and grounded 
to put both surfaces at ground potential. This package of disks 
was then placed between aluminum foil disks and the combination 
was treated as was the electret formed in Example 1, except that 
a field strength of 49 KV/cm was used and the disks were changed 
for two hours. The net charge density of the four disks is 
shown below: 




t 
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Too Fsee 

Bottom Fee* 

Top Disc # 1 

-7.3 

46.4 

Disc #2 

-7.8 

48.3 

Disc #3 

-7.9 

46.7 

Bottom Disc $4 

-8.6 

47.1 


The chars* density of th* four disks show uniformly 
high heterocharg* throughout th* stack. This illustrates that 
by proper selection of charging tins at a given field strength 
uniformly hi^i heteroefaarges can be obtained In a stacked pack¬ 
age of disks. 

The results of any further development of the investiga¬ 
tion of elec trots formed from polyethylene terephtbelate films 
will be reported end shell become e part of this disclosure. 

(Mra.) Thelma C. Beatoole 
Patent Liaison Officer 

TCBjJ* 
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